In this paper we propose theoretically consistent welfare measurement of use and nonuse values for an improvement in environmental quality with revealed and stated preference data. An analytical model based on the comparative static analysis of the variation function that describes the relationship between recreation demand and dichotomous choice contingent valuation models is estimated. Our results show that revealed and stated data should not be combined under the same assumed preference structure unless the two decisions imply the same change in behavior induced by the quality change. In addition, our results indicate scope effects in WTP measures estimated with stated preference data. 
I. INTRODUCTION
Confidence in the use of the contingent valuation method (CVM) for measuring the value of environmental goods and services increases substantially when willingness to pay (WTP) estimates from stated preference techniques, CVM, converge with estimates from revealed preference techniques, i.e., the averting behavior, hedonic price, and travel cost methods. Carson, et al. [6] , in a meta-analysis of the convergent validity literature for quasi-public goods, conclude that WTP estimates from the CVM are of the same order of magnitude and positively and significantly correlated with those from revealed preference techniques. These results suggest that it is inconsequential whether a researcher adopts stated or revealed preference techniques for the measurement of use values for changes in environmental quality.
Given these results, in what cases would the CVM be the preferred valuation approach?
One instance is when the measurement of nonuse values is the focus of the valuation study.
Another is when individuals do not have experience with the policy-relevant change in environmental quality and revealed preference data is not available. Also, stated preference data is useful when forecasting beyond the available range of revealed preference data. One limitation of stated preference data is that behavioral intentions are revealed, not actual behavior, when observable behavior is needed to reveal and measure economic value. When implementing a behavioral intention, individuals may often discover binding economic constraints and the intention is not realized. For example, Neill, et al. [15] find that hypothetical statements of WTP are greater than real payments (revealed) of WTP for market goods while Loomis, et al. [12] find evidence that improved survey design may increase the correlation between stated and revealed WTP for market goods. It is a general consensus that stated preference data can be the most useful if it is based on some underlying behavior and is consistent with the revealed preference data.
The purpose of this paper is to demonstrate the conditions for consistently combining revealed (trip demands) and stated (contingent valuation) data for an improvement in environmental quality. A single preference structure can be assumed for both only when the two decisions imply the same change in future trips induced by the quality improvement. As a result, information on future demands under current and improved quality is needed for consistent joint
estimation. An analytical model based on comparative static analysis of the variation function by Whitehead [18] that extends McConnell s [14] model for environmental quality improvement is used and modified to describe the theoretically consistent decisions in both trip demands and WTP. A joint estimation procedure, consistent with the analytical model, is provided. We report welfare estimates for improvements in quality by considering jointly the information of individuals' stated WTP for the quality improvement, actual (and intended) recreation trips at the current quality level and intended recreation trips taken after the quality improvement. The consistency in combining the revealed and stated data is tested.
Two additional issues are examined in this study. For comparison, both single-bound and double-bound dichotomous choices are examined and incorporated in the joint estimation. It is expected that both will provide similar conclusions with the double-bound models providing efficiency gains relative to the single-bound models. In addition, scope effects are tested by combining data that evaluates two goods in which one is a component of the other. These estimations and data treatments are included not only to provide results for meaningful economic interpretations but also to ensure the stability of joint estimation. Our results show that revealed and stated data should not be combined under the same assumed preference structure unless the two decisions imply the same change in behavior induced by the quality change. In addition, our results indicate scope effects in WTP values estimated with stated preference data.
II. BACKGROUND LITERATURE
There are various types of revealed and stated data (discrete or continuous) that can be elicited to indicate the same decision, either real or hypothetical. The problems faced by data pooling can vary with data types. Combining revealed and stated discrete choices is commonly seen in the transportation and marketing literature. Through proper scaling, revealed and stated choices of combinations of product attributes can be pooled (stacked) to jointly estimate the benefits of the attributes. The methodology has been applied to value non-market goods [1, 2, 13 ]. An important issue is whether the two types of discrete choices can be pooled together under a single preference structure. Swait and Louviere [17] develop a procedure to test for compatibility of revealed and stated choices and to estimate the relative variances in these two types of data. The compatibility of revealed and stated choices is often supported by these studies.
Considering recreation demand data, Loomis [10] finds that stated preferences about intended trips under alternative quality levels are valid and reliable by comparing these data to actual trip data. In situations where the validity of stated preference recreation data is a concern, anchoring stated preference data with revealed preference data allows stated preferences to converge to the underlying tenets of utility maximization and revealed behavior. There are several methods available to jointly utilize recreation demand data revealed and stated by individuals.
Cameron [5] combines the trip decision and the dichotomous choices of a corner solution for an increase in trip costs. In this case a price change is proposed to measure the movement along the trip demand. Englin and Cameron [7] and Layman, Boyce and Criddle [9] combine stated preferences concerning recreation trips under alternative conditions and actual trips in recreation demand models. Both studies find that the efficiency of WTP estimation is improved when revealed and stated data are combined.
Revealed trip demands and stated dichotomous choices for quality improvements can also be combined. In addition to potential gains in estimation efficiency, consistently combining information about recreation demands and WTP responses for better quality enables the decomposition of the welfare measure into use and nonuse values. Niklitschek and Le\n [16] combine intended recreation demand with improved quality and contingent valuation yes/no responses for the same quality change. However, an apparent shortcoming of their model is the lack of information on current/past trip demand that results in a potential inconsistency in the welfare measures. As a result, their use values are calculated indirectly based on an ad-hoc decomposition of the analytical total WTP derived from the variation function. This discrepancy may explain why their use values are larger than the total WTP (which includes both use and nonuse values).
Loomis [11] jointly examines the corner solutions of the trip demand and the dichotomous choices for various quality changes. In his random effects model, a single preference structure is to characterize both the movement along and the shift of the recreation demand. The assumption of equality of parameter values assumed without testing the compatibility of data may result in biased welfare estimates.
Measuring the welfare effects of a quality change is more complex than that of a price change because a shift of the recreation demand must be correctly characterized so the additional use values induced by the higher quality can be estimated. Therefore, obtaining information on demand shifts due to a quality improvement when combining revealed and stated preferences is essential to accurately measure willingness to pay for a quality improvement. Even when the information about a demand shift due to a quality change is available, using a single preference structure to describe the change in recreation demand and WTP responses may not be plausible unless the same change in future trips is implied by both decisions. Ensuring compatibility of revealed and stated data (continuous or discrete) is essential to derive meaningful results from joint estimation. 
III. ANALYTICAL MODEL

IV. ESTIMATION PROCEDURE
In this study, the stated and revealed preferences for quality improvement are analytically consistent since the own-price effects on WTP are directly related to the measures of recreation behavior change. A joint estimation procedure is proposed to estimate the variation function model and the change in recreation demand. Two recreation areas for which one is a component of the other are examined. To test for scope effects, dummy variables are included in both the variation and trip change functions. The relationship between the variation function and the change in demand for recreation trips for respondent i can be presented in the following regression model:
where , 1 is a random variable to indicate the unknown variation among individuals, x is the expost (past) or ex-ante (planned) number of trips taken under the degraded environmental quality, simple logit or probit models [3] . Suppose that respondents are asked to answer yes or no to a payment (t) for a quality improvement. The response is yes if the respondent s WTP is greater than t, the single threshold. Let M(A) be a cumulative distribution function. Assume that the distribution is symmetric (e.g., a normal distribution), then 1-M(a) = M(-a).
where P(") is the probability, t is the dollar amount requested in exchange for the improvement of environmental quality, and F 1 is the standard deviation of , 1 . The coefficient of t is 1/F 1 ; hence, the variance of , 1 is estimable in this model. 2 The trip change equation (2) can be estimated by the usual ordinary least squares providing that the information on x and x * is available.
It is reasonable to assume that , 1 
The joint distribution of the (continuous) trips and the discrete WTP responses can be written as the product of a Bernoulli distribution conditional on the trip decision and the density function of trips:
( ) ( ) ( ) ( ) ( ) ( ) P yes x P no x f x f x P s t x P s t x (1) and (2) can now be jointly estimated using constrained maximum likelihood methods. The log-likelihood function contains two components: a standard log-likelihood function for estimating a continuous predicted trip change function and a probit type model for linking individuals' discrete WTP answers to the preference structure, conditional on the change in trips due to a quality improvement. The likelihood function can be written as follows: 
The model can be extended to analyze discrete WTP responses with a follow-up (double-bound) contingent valuation question by replacing M(t i ) with M(t 2i ), M(t 1i )-M(t 2i ), M(t 2i )-M(t 1i ), and 1-M(t 2i ) for the combined yes/yes, yes/no, no/yes, and no/no answers, where t 1i and t 2i are the two bids presented in order to respondent i to bound WTP. 3 The underlying assumption is that the error structure is identical in both WTP questions. It can also be extended to assume two separate and correlated error terms for the two WTP questions. The likelihood function in that case will be constructed based on a trivariate normal distribution.
This likelihood function (7) for estimating the value of a quality change is a close analog to equation (7) in Cameron [5] that is used to measure the value of a price change. However, the analytical background which induces the specification of our likelihood function is different and the probit model is extended to analyze double-bound contingent valuation questions.
Furthermore, both the variances of , 1 and , 2 will be identifiable in our model and the hypothesis of constant marginal utility of income can be evaluated by testing (=1. If constant marginal utility of income is imposed, the regression model is rewritten as follows:
where the expected additional trips induced by higher environmental quality is equal to the constant marginal price effect in the variation function. The estimation procedure will be exactly the same as described above.
The key issue in this model is whether the variation and trip functions consistently indicate the same change in trip demand for the higher quality. If so, the parameter restrictions across the two equations can be imposed to indicate a single underlying preference structure. One hypothesis is that respondents answer the dichotomous choice WTP questions when thinking of the difference between the planned future (ex-ante) trips at the current quality level and the exante trips at the higher quality; that is, a respondent's stated WTP for the improvement of environmental quality represents his/her ex-ante benefit estimate of improved quality. If the hypothesis is true, then using the (revealed) ex-post trip data as the proxy for ex-ante trips at the current quality level will be incorrect (assuming these data are significantly different). To test this hypothesis, two separate models, one using ex-post trips at current quality and the other using exante trips at current quality are estimated. More general models that relax the parameter restrictions across the two functions, i.e., allowing $ and ( to differ in the two equations, are also estimated to test for the consistency of the model.
V. DATA
The data for this study is from a 1995 telephone survey conducted by a university survey research center. The survey used a random digit dialing sampling scheme. The sample of eastern North Carolina households was obtained from a professional sampling firm and interviews were computer assisted. Of the households that were contacted, 1077 respondents provided data for an overall response rate of 75%. There are two main versions of the telephone survey. Ex-post and ex-ante outdoor recreation participation was elicited with a series of revealed and contingent behavior questions (Table I) . In the survey, we describe the degradation of water quality in terms of the reduction of fish catches (60%) and closure of shellfish beds (25%) in the Sounds since 1981. We also describe the causes of the water degradation and asked if respondents will pay for tougher laws to restore the quality back to the 1981 level. There is a set of 8 questions to elicit respondents recreation participation and three questions to explain the pollution problems and the policy that will be valued before the actual valuation questions.
Debriefing questions are asked after the contingent valuation questions to identify the reasons of paying or not paying for the tougher laws. In a pretest, respondents showed a clear understanding of the good being valued.
We discard respondents who state that they would take fewer trips with improved quality than without and those in the 95th percentile of trip intensity (who report an unusually large number of trips). The average number of ex-post trips is 1.08 and the average number of ex-ante trips with current quality in the following 12 months is 1.59. This difference is statistically significant at the .01 level using a signed-rank test. The average number of ex-ante trips taken with a quality improvement is 2.38. Travel costs were calculated as the shortest driving distance to water access on the Pamlico Sound or the Pamlico or Neuse Rivers which feed the Sound.
Time is valued at the wage rate, the average driving speed is assumed to be 50 miles per hour, and average cost per mile is $.20. A series of questions established the contingent valuation market with double-bound dichotomous choice questions and reasons for the CV answers. Outliers, protests, and respondents who answered "don't know" about either of their yes/no answers were flagged and discarded for this study. The percentage of yes responses is 42% (28%) for WTP question 1 (2). Household income was elicited in categories. With income levels coded at the midpoints of the income ranges (the upper range was coded as $85,000) the mean household income is $31,766.
VI. ESTIMATION RESULTS
Independently Estimated Models
The recreation demand model is first estimated to determine whether our contingent recreation behavior data is consistent with theoretical expectations (Table II) . We employ negative binomial models, with only travel costs and income as determinants of participation and the number of trips [8] . The models for ex-post trips and ex-ante trips at the current and improved quality levels behave as expected with negative travel cost coefficients and positive income coefficients. The consumer surplus per trip ranges between $57 and $85 with the largest value being for trips with improved quality. Annual consumer surplus is calculated using predicted trips and is largest with improved quality.
A dummy variable is included to indicate different versions of survey questionnaires and used to test for scope effects. There is an insignificant increase in trips when the Albemarle Sound is added to the Pamlico Sound as an aggregate site. We also tested models which had an additional variable to test for different demand slopes for the two site definitions. No differences were found between the Pamlico Sound and Albemarle/Pamlico Sounds recreation site definitions.
The trip change model is estimated with both the ex-post and ex-ante number of trips at the current quality as the independent variable (Table III) 
Use and Nonuse Values
Using a combination of results in Tables II and III (Table III) . Given that the increase in consumer surplus (use value) predicted by comparing the ex-post trips and the ex-ante trips at higher quality is $134.06 it implies a positive nonuse value of $50. If the predicted change in consumer surplus is calculated based on comparing the intended trips at different quality levels ($82.81), the nonuse value accounts for 55% ($184.06 -82.81) of total WTP. In the double-bound model, the total WTP for the higher water quality is derived to be $187.85 (Table III) . Again, the predicted nonuse values are positive.
Jointly Estimated Models
We estimate eight joint models (Tables IV and V These results suggest that to value an ex-ante quality change by joint estimation, the change in ex-ante trips due to the improved quality must be used, not only the ex-ante trips with improved quality as implied in Niklitschek and Le`n [16] . The ex-ante trip change implied by the dichotomous WTP choices is consistent with the difference between the intended trips at current quality and the intended trips at higher quality since the same preference structure (same parameter values) can be assumed in both equations. The rejection of a single preference structure for the joint model combining ex-post trips and dichotomous choices indicates that the additional use value of improved resource quality predicted by the differences in consumer surplus between the ex-post and ex-ante recreation demand models (in Table II ) can be biased. In our case, it is overestimated.
Scope Effects
The scope effect in the paper refers to the positive relationship between WTP to the scope of the public good being measured. The broader the scope, the larger is the WTP or There are several potential extensions to be pursued based on our results. A theoretic consistent random effects probit model that incorporates the ex-ante trips at current and improved quality and the dichotomous responses to the two WTP questions can be estimated and compared with the results in this paper. Also, in this paper the recreation demand decisions are assumed predetermined and used to derive the increase in trips due to the quality improvement in the trip change equations. This assumption can be relaxed by specifying a demand model to incorporate individual characteristics. This augmented trip change demand model can be jointly estimated with the dichotomous responses and the resulting total WTP estimate can be decomposed based on the use value predicted by the demand model (as shown in the independently estimated models in this paper). At last, a more complex covariance structure (i.e., resulting in the bivariate probit)
can be assumed when combining the two dichotomous-response WTP questions. These extensions are beyond the scope of this paper and are left for future research.
In conclusion, our results suggest that the joint estimation of revealed and stated preference data designed to improve the validity of stated preference data and improve the efficiency of welfare measurement must proceed with caution. Testing for the assumption of a single preference structure across revealed and stated preferences must be conducted when individual responses are not clearly based at the same reference level. Stated WTP for quality improvements seems to be related to changes in ex-ante behavior under different conditions, not to differences in ex-post and ex-ante behavior.
FOOTNOTES
*A previous version of this paper was presented at the 1997 AERE Meetings in New Orleans, LA. The authors would like to thank Nicholas Flores, Kerry Smith, and three referees for offering several helpful suggestions. Thanks are also due Gregory Brown for programming assistance. The survey instrument, data, and additional empirical results are available upon request or from the web site <http://www1.ecu.edu/~ecwhiteh/data/data.htm>. 1 A linear variation function implies a linear utility function [14] . This in turn implies a constant and exogenous demand for trips. If s is assumed quadratic in p, s = " + $p + 8p 2 + ((-1)y, then the trip change function should be Ms/Mp = $+28p = x-(x * and the likelihood function must be derived accordingly. As pointed out by a referee, this form is attractive since it is consistent with economic theory of demand functions with different elasticities under each quality level. Unfortunately, the quadratic functional form does not fit this data well so we rely on the simpler linear form. Other functional forms for the variation function could also be examined; however, we only consider the linear form for simplicity. 
